Abstract. Rhodomyrtone is a bioactive compound extracted from Rhodomyrtus tomentosa leaves. It has been used as a traditional herb medicine for many years. Rhodomyrtone exhibits antibacterial activity, anti-inflammatory and antioxidant activities. However, the anticancer activity of rhodomyrtone has not been previously reported. The present study investigated the anticancer effect of rhomyrtone on human epidermoid carcinoma A431 cells. The cytotoxic and antiproliferative effects of rhodomyrtone on A431 cells were investigated by an MTT assay. Cell morphological alterations and apoptotic cells were observed with Hoechst 33342 staining following rhodomyrtone treatment. Flow cytometry and western blotting were performed to detect cell cycle and apoptosis induction. The results demonstrated that rhodomyrtone inhibited proliferation of A431 cells in a dose-dependent manner with IC 50 value of 8.04±0.11 µg/ml. The results also indicated that rhodomyrtone increased chromatin condensation, nuclear fragmentation and apoptotic bodies in treated A431 cells in a time-dependent manner. Apoptosis was also induced through the activation of caspase-7 and poly (ADP-Ribose) polymerase cleavage. Flow cytometry analysis revealed that rhodomyrtone induced cell cycle arrest at the G1 phase. Notably, the non-toxic concentration of rhodomyrtone markedly inhibited A431 cell migration in a dose-and time-dependent manner. These finding suggested that rhodomyrtone may be used as an anticancer agent for human skin cancer.
Introduction
Rhodomyrtus tomentosa (Aiton) Hassk., a traditional herb medicine belongs to the family Myrtaceae. It is native to Southeast Asia and a troublesome invader of native plant communities in Florida. It is used for treatment of diarrhea (1), gastrointestinal (2) , urinary tract infections (3), anti-inflammation (4) and as an antiseptic wash for wounds (5) . In addition, it is used to formulate skin whitening, anti-aging and skin beautifying agent (6) . Rhodomyrtone ( Fig. 1) , a pure compound in acylphloroglucinol class isolated from Rhodomyrtus tomentosa leaves. Previous studies have shown that rhodomyrtone displays antibacterial activity against a wide range of gram-positive bacteria such as Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus spp., and methicillin-resistant Staphylococcus aureus (MRSA) (7) (8) (9) (10) . Moreover, some reports indicated that rhodomyrtone stimulated pro-and anti-inflammatory cytokine responses (11) and reduced hyperproliferation and abnormal differentiation of HaCaT cells (12) . However, the anticancer activity of rhodomyrtone on cancer cells has not been reported.
Skin cancer is the most common type of cancer in the world, especially in white-skinned individuals. The increasing incidence rate has been shown worldwide. There are two main types of skin cancer: Melanoma or malignant melanoma (MM) and non-melanoma skin cancer (NMSC), including the basal cell carcinomas (BCCs) and squamous cell carcinomas (SCCs) (13, 14) . SCC is the second most common skin cancer, accounting for about 20% of NMSC cases. It is more common in older people. The major cause of developing SCC is exposure to UV radiation, which causes cellular damage (15, 16) . Current treatments of SCCs consist of surgery, photodynamic therapy, radiation therapy, chemotherapy or combination therapy, but these treatments are however unsatisfactory. Thus, it is necessary to search for a new effective therapeutic agent to inhibit SCCs.
In this study, we first investigated the effect of rhomyrtone on cell proliferation and migration of A431 cells. It was demonstrated that rhodomyrtone effectively inhibited growth and migration associated with G1 arrest and apoptosis induction in human epidermoid carcinoma A431 cells. Cell culture. The human epidermoid carcinoma cells (A431) was obtained from American Type Culture Collection (Manassas, VA, USA). A431 cells were maintained as a monolayer in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum, 100 U/ml penicillin G and 100 µg/ml streptomycin (GE Healthcare Life Sciences, Chalfont, UK) and 3.7 g/l sodium bicarbonate into 75 cm 2 cell culture flasks and grown under a 95% humidity, 5% CO 2 atmosphere at 37˚C.
Materials and methods

Reagents and chemicals. Rhodomyrtone was dissolved in dimethylsulfoxide (DMSO
Cell viability assay. The effect of rhodomyrtone on cell viability of A431 cells was determined by using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide) assay. Cells were seeded in 96-well plates at density of 7.0x10 3 cells/well and incubated overnight. Then, the cells were treated with various concentrations (0-100 µg/ml) of rhodomyrtone for 24 h. After treatment, 0.5 mg/ml MTT solution was added to each well and the plates were further incubated for 2 h at 37˚C. The supernatant was removed and 200 µl DMSO was added to each well to solubilize water insoluble purple formazan crystals. The absorbance was measured using an Epoch™ Microplate spectrophotometer at 570 nm and the percentage of cell survival (%) was calculated relative to the control. The half maximal inhibitory concentration (IC 50 ) value was calculated using the software GraphPad Prism 3.03 (GraphPad Software, Inc., San Diego, CA, USA). Cell viability assay was performed with three independent experiments.
Wound healing assay. The effect of rhodomyrtone on cell motility was determined by wound healing scratch assay (17) . A431 cells were seeded in 6-well plate and allowed to grow until 90% confluence. After that the monolayers were scratched with a micropipette tip, the cellular debris was removed by washing with PBS and treated with non-toxic concentrations (0, 0.5, 1.5 µg/ml) of rhodomyrtone for 12 and 24 h. The wound area was photographed with an inverted microscope (Olympus, Tokyo, Japan) and measured by using Image J software.
Apoptotic cells staining with Hoechst 33342 dye. A431 cells were seeded in a 6-well plate at 3x10 5 cells/well and treated with 15 µg/ml rhodomyrtone for 0, 3, 6, 9 and 12 h. The cells were then stained with Hoechst 33342 for 15 min. The apoptotic cells were observed using a fluorescence microscope IX73 model (Olympus) with an ultraviolet filter.
Cell cycle analysis. A431 cells were seeded in a 6-well plate at density 3x10 5 cells/well and then treated with 15 µg/ml rhodomyrtone for 0, 3, 6, 9 and 12 h at 37˚C. After treatment, whole cells were collected and stained with Guava Cell Cycle ® reagent (Merck Millipore). The stained cells were then sorted and analyzed for DNA content by a Guava easyCyte™ flow cytometer and GuavaSoft™ software (Merck Millipore).
Western blot analysis. A431 cells were seeded in a 6-well plate at density 3x10 5 cells/well and then treated with 15 µg/ml rhodomyrtone for 0, 3, 6 and 9 h at 37˚C. After treatment, total protein was extracted with RIPA lysis buffer (50 mM Tris-HCl, pH 7.4, 1% NP-40, 0.5% C 24 H 39 NaO 4 , 0.1% SDS, 150 western blotting was performed. Then, the membranes were blocked with 5% skimmed-milk in TBS-Tween buffer for 1 h at room temperature, and incubated with monoclonal antibody against cleave-PARP, caspase-7 and β-actin overnight at 4˚C. After incubation with anti-mouse immunoglobulin G or anti-rabbit immunoglobulin G horseradish peroxidase-conjugated secondary antibodies, visualization of proteins was developed by using Immobilon™ Western chemiluminescent HRP substrate (Merck Millipore) and Chemiluminescent Imaging system (GeneGnome gel documentation; Synoptics, Ltd., Cambridge, UK).
Statistical analysis. Data are expressed as mean ± SD of three independent experiments. Statistical analysis was determined by using student's t-test or one-way analysis of variant (ANOVA). Differences were considered statistically significant at P<0.05. All statistical analyses were performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). 
Results
Rhodomyrtone inhibited cell proliferation of A431 cells. A431 cells were treated with various concentrations of rhodomyrtone (0-100 µg/ml) for 24 h and cell proliferation was analyzed by MTT assay. The result showed that rhodomyrtone inhibited cell proliferation in a dose-dependent manner as shown in Fig. 2 . At high concentrations, rhodomyrtone significantly inhibited A431 cell proliferation while at the concentration lower than 3 µg/ml did not. The IC 50 of rhodomyrtone on A431 cells was 8.04±0.11 µg/ml. This result indicated that rhodomyrtone inhibited cell proliferation of A431 cells, thus 15 µg/ml rhodomyrtone was selected for further study of apoptosis induction in A431 cells. Rhodomyrtone inhibited A431 cell migration. The effect of rhodomyrtone on cell migration was determined by wound healing assay. The cell monolayers were scratched with a micropipette tip to create the wound area. After treatment with non-toxic concentrations (0.5 and 1.5 µg/ml) of rhodomyrtone for 12 and 24 h, the wound closure was analyzed. The result showed that rhodomyrtone could reduce migration of A431 cells to the wound area in a time-and dose-dependent manner when compared with the untreated cells ( Fig. 3A and B) . Treatment with rhodomyrtone at 0.5, 1.5 µg/ml for 12 and 24 h inhibited 47.3, 36.2, 69.8 and 68.4% of cell migration, respectively. These results revealed that rhodomyrtone significantly inhibited the migration of A431 cells (P<0.01).
Rhodomyrtone induced G1 arrest in A431 cells.
To identify the mechanism of growth inhibitory effect of rhodomyrtone, the cell cycle distribution of A431 cells were determined by flow cytometry. The results showed that the percentage of cell population in the G1 phase significantly increased after treatment with rhodomyrtone (15 µg/ml) for 12 h (P<0.05).
Concomitantly, the percentage of cells in the S phase significantly decreased after treatment for 9 and 12 h (P<0.05) (Fig. 4A and B) . These results indicated that rhodomyrtone induced G1 phase arrest in A431 cells.
Rhodomyrtone induced cell apoptosis in A431 cells.
To observe the morphological changes of treated-cells, Hoechst 33342 staining was performed and observed under fluorescence microscope. After treatment with 15 µg/ml rhodomyrtone for 3 and 6 h, the typical characteristic of apoptosis such as membrane blebbing, chromatin condensation and cell shrinkage were detected. The treated-cells (9 and 12 h) showed chromatin condensation and cell shrinkage and apoptotic bodies. The apoptotic body formation was predominant after treatment with 15 µg/ml rhodomyrtone for 12 h, whereas the untreated-cells (0 h) showed normal nuclear and cellular morphology (Fig. 5 ). This result indicated that rhodomyrtone could inhibit cell proliferation by inducing cellular apoptosis in A431 cells.
To determine whether rhodomyrtone induce apoptosis in A431 cells, Western blotting was performed to detect the activation of caspase-7 and poly ADP-ribose polymerase (PARP) cleavage, substrate of caspase-7. As shown in Fig. 6A and B , the protein level of cleaved caspase-7 and cleaved PARP significantly increased, while pro-caspase-7 significantly decreased in a time-dependent manner after treatment with 15 µg/ml rhodomyrtone (P<0.05). 
Discussion
Rhodomyrtone, an acylphloroglucinol component derived from the leaves of Rhodomyrtus tomentosa, has been used as traditional herb medicine for a long time. The roots, leaves and fruits were used to treat acute and chronic gastroenteritic, stomachache, dysentery, hepatitis, gynaecopathy, dysentery and diarrhoea (2, 3) . Previous reports have shown that rhodomyrtone exhibited antibacterial activity on gram-positive bacteria (7) (8) (9) (10) . However, the effects of rhodomyrtone on cancer cells have not yet been reported. In this study, we first demonstrated that rhodomyrtone exhibited an anticancer activity in epidermoid carcinoma A431 cell.
The induction of apoptosis is one of the important mechanisms for an anticancer agent. In this study, we investigated the effects of rhodomyrtone on cell proliferation inhibition, cell cycle arrest and apoptosis induction. The results showed that rhodomyrtone dramatically inhibited A431 cell proliferation in a dose-dependent manner correlated with cell cycle arrest and apoptosis induction. The IC 50 of rhodomyrtone against A431 cell lines was found to be 8.04±0.11 µg/ml after 24 h treatment as shown in Fig. 2 . The morphological characteristics of cells undergo apoptosis including cell shrinkage, chromatin condensation, membrane blebbing and formation of apoptotic bodies (18) . Our result demonstrated that rhodomytone induced apoptosis in A431 cells as shown in Fig. 5 . Apoptosis can be divided into two major pathways; the extrinsic, caspase-dependent pathway and the mitochondria-dependent pathway (19) (20) (21) . Caspase-dependent pathways include activation of caspase-8, -9 and -3/7 while mitochondrial pathways are involved in the efflux of cytochrome c from mitochondria to the cytoplasm, forming apoptosomes with Apaf-1 and caspase-9, leading to the activation of caspase-3/7 and apoptosis (22) . In our results, we also demonstrated that rhodomyrtone induced apoptosis in A431 cells via cleavage of caspase-7 and PARP as shown in Fig. 6A and B. Similar to previous reports indicating that bioactive compound induced apoptosis in many types of cancer by activation of caspase and PARP (23) (24) (25) (26) (27) .
Cell cycle is an important mechanism involved with cell growth. Cell cycle arrest and apoptosis are the effective mechanisms that lead to cancer cell death (28) . Previous studies showed that natural bioactive compounds could inhibit human epidermoid carcinoma A431 cells growth by cell cycle arrest and apoptosis induction (24, 27, 29, 30) . In the present study, we also investigated the effect of rhodomyrtone on cell cycle of A431 cells. Flow cytometric analysis showed that rhodomyrtone inhibited cell growth of A431 by inducing cell cycle arrest at G1 phase in a time-dependent manner. G1 phase was increased from 36.4% up to 51.2% and the cell populations in the S phase was decreased from 20.4 to 12.0%, implying that cell proliferation inhibition involved with cell cycle arrest (Fig. 4A and B) . Similarly, previous study reported that shikonin induced cell cycle arrest in G0/G1 phase and induced apoptosis in A431 cells (24) . Although, Soliman et al showed that some acylphloroglucinol compounds exhibited antiproliferative activity and inhibited cell cycle progression at S-phase in breast cancer cell (31) . The differences between these results might be attributed to the bioactive compound and cell types tested.
Metastasis is a complication of most cancers; it is one of the leading causes of cancer-related death. Metastasis is a multistep process leading to the formation of secondary tumors from the primary tumor, which the cancer cells disseminate from the primary tumor, migrate through the basement membrane, survive in the circulatory system, invade into a secondary site and start to proliferate (32) . Cell migration of cancer cells is an important step in metastasis process. In this study, wound healing assay was performed to determine the anti-migration effect of rhodomyrtone on A431 cells. Our result showed that rhodomyrtone at non-toxic concentrations (0.5 and 1.5 µg/ml) significantly inhibits A431 cell migration in a dose-dependent manner (Fig. 3A and B) .
In conclusion, we first showed that rhodomyrtone induced apoptosis in A431 cells via cleavage of caspase-7 and PARP. Furthermore, rhodomyrtone also caused cell cycle arrest at G1 phase in a time-dependent manner. We also demonstrated that rhodomyrtone dramatically inhibited cell migration in A431 cells at a non-toxic concentration. These finding suggested that rhodomyrtone may be used as an anticancer agent for skin cancer.
